Protein denaturation during heat shock and related stress. Escherichia coli beta-galactosidase and Photinus pyralis luciferase inactivation in mouse cells.
In an attempt to question the toxic effect of heat shock and related stress, we have studied the activity of reporter enzymes during stress. Escherichia coli beta-galactosidase and Photinus pyralis luciferase were synthesized in mouse and Drosophila cells after transfection of the corresponding genes. Both enzymes are rapidly inactivated during hyperthermia. The corresponding polypeptides are not degraded but become insoluble even in the presence of non-ionic detergents. The heat inactivation is more dramatic in vivo within the living cell than in vitro, in a detergent-free crude cell lysate. The extent of enzyme inactivation at a given temperature depends on the cell type in which the enzyme is expressed. Luciferase is inactivated at lower temperatures within Drosophila cells than within mouse cells, whereas beta-galactosidase is inactivated at higher temperatures in E. coli than in mouse cells. A "priming" heat shock confers a transient increased resistance (thermotolerance) of cells against a second "challenging" heat shock. Enzyme inactivation during heat shock or exposure of the cells to ethanol is attenuated in heat shock-primed cells. A comparable thermoprotection is raised by a priming heat shock for both luciferase activity and protein synthesis. Thus, the study of reporter enzyme inactivation is a promising tool for understanding the molecular basis of the toxicity of heat shock and related stress as well as the mechanisms leading to thermotolerance.